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Preface

The Far Infrared Sky Survey Experiment (FIRSSE:) was the first succ,,.sn;'u *, 
u.a,

)f super-fluid helium as a cryogen under active thermal loading on a spacehb.)ne

experiment. This single experiment surveyed more area of sky than all the pre-

vious balloon and aircraft measurements combined. The successful perfnr:mance

:Yf an experiment as complex and innovative as FIRSSE is a cooperation effort of

many individuals, too numerous to be mentioned here. However, the -uLstandine

effort of key people must be acknowledged. Eban Hiscock and Chris Krebs ,)f th-

A Ff1_L research rocket branch directed the pre-flight integration and

Support. Stewart Lyons of Space Vector was responsibic for the attittie oto r,

system and in-flight maneuvers. Jim Lester and Ron Pearson direc'ed the design

and construction of the sensor cryogenic system at Ball Aerospace Systems l)Divisjcris

(BASD) and provided integration and field support. Special thanks to )ick llerrin,

o)f BASD for his interest in the experiment, especially during the lean perio)ds.

The focal plane and signal processing electronics were designed, built and

tested by Santa Barbara Research Center under the supervision of Don Campbell.

Randy Tate of NRL. provided extensive assistance in the laboratory calibration and

field testing of the focal plane and sensor. With able support from Paul Cucchiaro,

Dave Akerstrom was the key individual for the design and construction of the ground

supp.)rt system, and the field support for the sensor especially for- the super-fluid

helium transfer. Wentworth Institute built the payload under the guidance of

Ed LeBlanc. Tom Campbell and Larry Smart insured that the payload performed

as designed.
Data processing was in the capable hands of Len Marcotte. Paul [Le~an per-

formed the necessary calculations for the in-flight calibration.
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The Far Infrared Sky Survey Experiment
Final Report

I. INTRODUCTION

The Far Infrared Sky Survey Experiment (FIRSSE) is a joint effort between the

Air Force Geophysics Laboratory (AFGL) and the Naval Research Laboratory (NlI

*0 survey the sky in five broad spectral bands between 8 and 120 1 n_. ociLnicat

!irection for the design and construction of the dewar and integration .e s.!r.-.,'

it Ball Aerospace Systems Division and the focal plane array with sis.l ni , -rig

lectronics at the Santa Barbara Research Center was provided by I,, ..!l AP'(; . sn-:

N RL. Payload development and fabrication was AFGL's responsibility as "'l Liz

the field preparation and launch. The detailed data reduction and analy'-is for aI

detectors was done by AFGL, with NRL independently selecting long o3vl-npt,

sources by visual inspection.

The flight took place on 22 January 1982 from the White Sands Missile Range.
New Mexico at 8 h 0000. 11GMT. The ARIES guided rocket lifted the 660-kg pav-

load to a 379-km peak altitude for a total of 450 sec of data acquisition. The sores"

. of this experiment marks the first use of super-fluid helium and porous plug contain -

ment on a space borne experiment under dynamic external thermal Ioading.

During the flight about 9000 square degrees were surveyed (21 percent of 1he

sky) with at least 80 percent overlap. The scans covered about 100 ° of galactic

longitude along the anticenter region of the plane as well as a large area _)f

(Received for publication
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Gould belt. Several hundred sources were detected in one or more of the spectral

bands. The bright 100-4m sources have a high degree of association with HII

region while fainter 100-p m emission was detected from the brighter stars and

asteroids. The survey appears complete down to 100 Jansky (J) at 100 Mm.

The advantages of an exo-atmospheric infrared experiment are obvious. The

atmosphere absorbs infrared radiation and is opaque at certain wavelengths; beyond

35 jim for example. Elevating the observing platform by aircraft and balloon re-

duces this problem but structure in the thermal emission from the atmosphere limit

the .'ield of view and/or sensitivity of the measurement. Not only are atmospheric

problems eliminated in space but the telescope can be cryogenically cooled to the

point where self emission does not limit the sensitivity of a detector even for large

fields of view.
1 .2Several early rocket-borne celestial survey experiments were attempted

with ambiguous results. The Cornell group3
'

4
'

5 succeeded in obtaining 100-Mm

measurements on several HII regions with a rocketborne instrument. These

experiments used normal fluid helium as a cryogen as super-fluid could not be

maintained or contained during preflight and flight conditions. Thus the 100-Ann

Ge:Ga detectors were not as sensitive as the Ge bolometers later flown on balloon

and aircraft. With the advent of Ge:xx, long wavelength photoconductors 6
' with

high frequency response and good NEP's and sintered Nickel porous plugs for super-

fluid containment, a rocket-borne survey instrument becomes competitive with the

longer duration balloon flights in obtaining long wavelength observations

(30 4am < A < 120 jAm) at medium (10') spatial resolution.

2. IN STRRtM.:NTA'I'ION

The instrument and experiment have been described by Price, Murdock and

Shivanandan. 9 We augment that description in this section and discuss the per-
'ormance of the instrument. The FIRSSE optical systenm, was built by Perkin Elmer

Corporation as a demonstration of technical capabilitv. A comparable instrument,

SPICE', was also successfullv flown on 15 September 1982 by AF(;L as a comple-

rnentarv survey to that performed by the short wavelength arrays in FIIISSE.

The HIIRSSE optical svsteiii oi __, 1 is a loublv folded Gregorian design and

has a sphr, <.1 prim ary 36 cm in diameter. Spherical aberration and coma are

c)rrected to first order bv aspherized sec,,ndarv and tertiarv mirrors. The folding

la t is locate i at the intermediate focal plane and doubles as a field stop. The f/2.4

systen has a , ,al lenlth of 86.4 'r'. The focal plane is convex and cover's a

()ue to the large nunl,,r o!" referenctes ci~ed ahove, they will riot be listed here.
S e Ret'ere s, page 51.
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-: rtLd of %ic% ak itix A 4' ::,. pLate s( ale. The linear Ibsouration diw :hekie

a:-' hi iuing, is o. 48 f')r a btal collecting area of 750 cm~ The optiv al beri 1! is

an integrated system made _)f beryllium. The secondary is cantilev erc-i bv foI' S
berylliumi rods which pass through the primary mirror Ind are attached to thle

optics support fixture.

Figure 1. The FIRSSE to

Optical Bench

Th- fnocal plane (Figures 2 and :3) is ni.udular in des ign. 1'1( heL 1n: 1 1::

and arrav supports ave rnade o -' b.lUn- for thermaI'l c.empitIbiliv a itlh op tl 11

svs tenm. Tw-o thin film- i-esiStors arec mounted ab !Ve 010 ' oca' [lulic', one each )r,

either side. These resiste--rs a re heateA bv a precise lv :ont rol led v'oltaae, flo-in,1

the focal plane with thermal photons and stimulating the detectors is a check on

their working status. The equal intensity effective wavelength and b)andwidth to)-

* gether with measured NEI-D and other pertinent data aire listed in Fablu I for eac h

of the fixe arrays. Measurements at the Naval (kcsns System Center 10 on the

* filter-detector combinations provide the values in the first four bainds.

10. NOSC (180) Test Data a)n SBR C 11 RSS" I-') al Planie Ar l'!' fa-e, lv
* ~~Branch, Electronic Mater)ialIs S. ien, orsI 1

yi ,N av5_T; 1 an.-; Sv _t, n),
Center, San Diego, CA 92152. 'Mav 1980.
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The Ge:Ga detector response and transmission of the 100-rim filter were obtained

by NRL and convolved for the effective wavelength and bandwidth; the NEP is from

the final S3tRC tests. The last column lists the NEFD determined from the in-flight

Lalibration.

Several anomalies showed up during construction and testing of the focal plane

array. The thermal conductivity of the beryllium housing is very low at tempera-

tures of 2 to 3 'K. Consequently, self heating from the MOSFETS raised the

temperature of the Ge:Ga detectors above 4. 5' K which is above their operating

terioerature. This problem was solved by carefully heat sinking the long wavelength

arrays. The Si:xx detectors perform better at higher temperatures and the thermal

iso)lation was retained for these arrays. In the final configuration the Ge:Ga and

c;,.: l,,arrays ran at 2. 5' K, 0. 3K above the 2. 2' K temperature of the dewar (,ooling

* ring while the Si:xx arrays were at 5. 0' K. A minimum of spiking was observed

on the silicon arravs of these temperatures under optimum biases.

lhe tradle-off tor war-wer silicon array temperatures was that the load resistor

ales wore ab' ut half (3. 5 x' 10 ohms) that of the Ge:xx arrays. Additional stray

* 11
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capacitance had to be introduced into the preamplifier circuit in order to reduce

the frequency of the roll-off in the f boost of the trans-impedance amplifier. This

was necessary in order to prevent aliasing unwanted high frequency noise by the

sampling and digitizing of the data stream by the pulse code modulator (PCM).

The focal plane array was placed into the optical system such that the two

outer, short wavelength arrays were at best focus. The depth of field for the

curved focal plane was sufficient to cause no degradation in the amount of energy

on the larger detectors.

A cutaway of the sensor is shown in Figure 4. The instrument is cooled from

a 17-Liter dewar. A sintered nickel porous plug with a 10-1-m pore size acts as a

phase separator in the dewar vent line to contain super-fluid helium. The optics,

focal plane, inner radiation shield, and background plate are conductively cooled

through the inner cooling ring on the dewar. The vapor shield is cooled by vent gas

from the dewar and, in turn, conductively cools the cover vapor shield. Straps of

0. 99999 pure aluminum are used to provide good thermal conductivity to the focal

plane, the secondary mirror and support structure, and along the inner radiation

shield. The heat leak is relatively low, 0. 56 W, with the focal plane contributing

less than 1% to this total. The background plate in the sensor cover ran warmer,

19K, than the 15K design goal. Although the backgrou,,d plate is gold-plated to

reduce emissivity, the photon flux at the detectors in the 70- to 120-1 m band is
10 -2 --still high, 1 i0 phot. cm sec , at this temperature. This is 1.5 .o 2 orders

of magnitude higher than was anticipated through the side lobe response of the

instrument during flight. The biases of the Ge:Ga had to be reduced in order for

them to operate at this background. Thus the average NEP derived from the SBRC

data for the Ge:G , array and listed in Table 1 were increased by roughly a factor

of 2 before flight.

A specially designed 250-liter dewar and transfer system is used to fill the

FIR{SSE dewar with liquid helium at a temperature 2. 7 to 3 K just above the X point.

About two liters of helium are purnped away in cooling the instrument to 1.7 - 1.8K

or 7. 9 torr static vapor pressures. Hold tim( , defined as the tirne from closing

the helium vent line to the time the helium in the dewar goes through the A point

transition, in excess of 100 min were achieved.

Safety considerations require traL .,!nad personnel vacate the tower for final

arming at least 30 rin before launch. The helium vent is closed 55 min before

launch to leave enough time to remove the vent pump, install the access panel, and

remove the clean bags around the payload. The super-fluid helium is unvented

until. T 90 sec when it is opened to the vacuum of space through a solenoid valve.

12
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3. TlE EXPERIMENT

The payload is a cone/cylinder in shape, 3. 9 m long and 0. 9525 m in diameter.
It is divided into three sections: an aspect section containing the star mapper and

a BASI) large lens STRAP star tracker, an instrument compartment with the tele-

scope and payload electronics, and the attitude control system and recovery package

in the rose cone. The launch configuration is shown schematically in Figure 5.

Figure 6 depicts the payload during data taking.

NOSE CONE -CRYOGEN ACCESS -S-BANO ANTENNA RINGDOOR

SENSOR DOOR PAYLOAD SEPARATION~CLAMP

ARIES
MOTOR

ROLL JETS i/ "/.-

STAR-MAPPER DOOR

Figuire 5. Launch Configuration for FFIRSSE

Powered flight lasts about 62 sec. After an 18-sec coast period, manacle

,lamps holding the payload and vehicle together are released and a pneumatic

bellows separates the two at a relative velocity of 8.75 in/sec. After separation

the motor is spun about the longitudinal axis to provide dynamic stability to keep

the motor nozzles pointed away from the payload. These steps are taken to pre-
vent the optical contamination seen on other experiments from the smoldering

11. 'rice, S. I). , Murdock, T. L. , M ,Intvre, A. , Huffman. R. E. , and
Paulsen, 1). E. (1980) On the diffuse cosmic ultraviolet background measured
from ARIES A-8, Astrophys. J. Letters. 240:L.

15
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STAR - MAPPER -

-ROLL JETS

PITCH&YAWJETS

--STAR-TRACKER

Z0SINSTRUMENTATION
COMPARTMENT

-ATTITUOE
CONTROL BLOW-OFF
SYSTEM NOSE CONE

RECOVERY
PARACHUTE

Figure 6. Configuration of FIRSSE During Data
Acquisition

residual fuel and butyl rubber liner in the spent motor. The payload is cleaned

during the preflight preparation as described by Price, Cunniff and Walker 1 2 to

eliminate optical contamination by dust and other particles.

After separation the payload is pitched over 180 ° and maneuvered to bring the

optical axis of the star tracker to the direction of a star. The launch time and star

are selected such that the star- is at mneridian transit near the zenith. This choice

produces the least off-axis radiation into the telescope from the earth. During

preflight alignment 1 3 the null position of the optical axis of the tracker was accu-

ratelv co-aligned with the geometric roll axis of the payload. The payload was spin

balanced to bring the dynamic roll axis into near coincidence with the geometric

roil axis.. Once the star is acquired in the tracker 6* f.,eld-of-view, control of the

pitch and yaw jets is transferred to the tracker. Error signals due to deviations

of the star from tracker null are used bv the attitude control system to deive the

payload roll axis to the coordinates )t tit t;ir and to maintain that position through-

out the flight.

12. Price, S. I). , Cuniff. C. V.. and Walker. R. W. (1.78) Cleanliness Considera-
tion for the AFGI. Infrared Celestial Survey Experiments. AFGL-TR-78- - .
0171, Al) A060116.

13. Price, S. D. , Akerstrom, ). A., Cunniff, C. V.. Marcotte. L. P. , Tandy. P.C.
and Walker, R. G. (1978) Aspeot Determination for the AGF(AL Infrared
Celestial Survey Experiments. AI:Ti-TR-78-0253, AD A067017..
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The star mapper, star tracker, and payload doors are unlatched and opened

during the pitchover maneuver. The sensor cover is removed and the telescope O

deploved while the star tracker acquires the star. The payload is spun about the
roll axis causing the sensor focal plane to sweep out a band along a small circle

centered on the pole ;tar one focal plane array high as shown in Figure 7. The

zenith angle is stepped 2? 14 at the completion of a 382.5 roll. The roll rate is

hanged during each step to compensate for the cosecant z distortion in the scan O

ce, metry, and to maintain a constant linear scan rate of 200/sec. !,.'qximum

deployment of 7 1.5 occurs near peak altitude when the earth's horizon is at the

maximum depression angle of 19'. The sensor is subsequently stepped up during

the down leg portion of the flight. This profile results in the largest areal coverage

for a given constraint due to the off-axis performance of the telescope.

Figure 7. The Survey Scan Pattern. The pole
rotation is fixed to a star with celestial coor-
dinates (a 1 , 61). The payload is rotated at an
an angular rate, xi, and the sensor deployed to
a zenith angle z. Bottom scan line represents
the maximum deployment consistent with OAR
constraints. The shaded area at the bottom is
sectio n of sky obscured by the earth during theI
experiment. Shaded area around the south pole
is the sky unreachable from White Sands Missile
Range

*17 10
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As shown in Figure 7. the pole of rotation is accurately fixed to the intertial

coordinates of the star. The sensor deplovnent gimbal is orthogonal to the roll 6

axis. A 13-bit shaft encoder reads the deployment angle to 1' accuracy. The

geometry is an alt-azimuth system with the star at the pole. Azimuth is deter-

mined by stellar transits observed by a small visual photometer through an N

slit reticle mask. Azimuth reference was carefully aligned during preflight inte-

gration to the deployment plane of the telescope.

At the end of the flight, the telescope is stowed, the cap replaced and the doors

closed to protect the various sensors from re-entry heating. The parachute deploy-

ment is activated at an altitude of 3 km by a barometer saitch. The payload was

recovered in excellent condition.

4. IN-FlAGIIT PERFORMANCE

All detectors worked well during flight except those at 11 A.in. A bias short

to shield ground on the focal plane connector to the 11 l m array resulted in no

observations at this wavelength. The measurements made with the Ge:xx arrays

were degraded for about half the flight as explained below.

The temperature profiles for the various monitors in the sensor are shown in

Figures 8, 9 and 10. The location of these monitors are defined in the figure

legends.

All temoerature monitors are nominal until the cover is removed. A thermal

ulse of about 40 W from the payload structure is seen by the instrument as the cap

is removed- and the sensor deployed at about 96 secs. This pulse raises tempera-

tures throughout the telescope. About 8 W of aperture loading is experienced at

the first deployment angle. This is almost equally divided between contributions

from the payload and earth. As the deployment angle of the telescope increase:s

the contribution from the earth dominates, peaking to 11 \V at maximum deployment.

The thermal loading profile reverses as the telescope is stepped up. This profile

is best reflected by the aperture temperature shown in Figure 8. This monitor is

located at the front end of the inner- radiation shield and is most sensitive to

e xternal thermal input. The ,n,all amplitude cvcli c structure reflects the

chanr,, in solid angle subtended by the earth turing a roll duc to the pole star not

bein at lo:al zenith.

Blade No. 2 is located about 4 cm down fron the front aperture on the oiutside

)f the s bcor afi fl, Made. The tern peraturte profile, for this iio,)tr" irrors th-at

O)f tho aperture but %%ith smaller am. plitude an considerable sio,()othini. This

temi)erature lifferenco is primiiarilv 'tu tit, lact that the haffle blades ar ,

lir.ctiv ,ouplt to the ,oolinQ rilg thii'()(li2! 0. pure. {i, almii ir U ' rtaps, th'

1 ON
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radiation shield. The baffle blades and radiation shield are tied to the primary

mirror and helium tank at the same point. The relative stability of the blade No. 2

temperature from 100 to 160 sec is probably caused by the primary mirror absorb-

ing some of the heat and warming up.

A more disastrous consequence of this thermal loading is that the focal plane

warms up. as profiled in Figure 9. The temperature monitor for the focal plane is

located in the middle of the Ge:Ga array. The variation generally correlates with "

the helium tank monitor on the cooling ring. The focal plane is strapped to the ring

at four points and therefore averages the temperature variatitns around the ion .

The helium tank monitor is sensitive to a localized change of temperaturt on I.c

cooling ring. The variations probably indicate hok% well the super-fluid heliur % wets

!he tank nearest the monitor. 0
These profiles can be exi:' ained as llws: the aperture loading c'hantges I,',ni

8 'o 11 W during the tIlight and is primarilv due to Ihe e-arth. This heat is put int',

'he helium dewar at or very near the cooling ring with soime ofI" the load taken up b

zhe thermal inertia of the optics. The heat causes local instabilitlies in the supei

luid helium wetting the walls nearest to the cooling ring. As the super-fluid is

Iriven away from a specific area on the tank that area %%arms then substequentlv

tools when the super-fluid again wets that locale ,n !he dewar. The Cour ,'oohinL

straps to the focal plane average these local vari:at:,ons . tfrtunate y, Ow !'ocaL

plane temperature exceeded the maximum operating value of 4. 3 K for the Ge:xx

arrays about 20, of the data acquisition time. Ainther 30,, of' the time dhe ,Oe: p.r -

ture was above 3. 9' K, the point at k hich the Ge: xx arrav hay, i-p,.it iv i .

degraded by about a factor of two.

.
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POROUS PLUG

Figure 8. Temperature Profile D~uring Flight. The aperture
monitor is at the front end of the inner radiation shield; Mlade 2
is about 4 cm from the front end of the inner radiation shield;
primarv is on the back of the primary mirror; H-e tank is on
the cooling ring on the bottomn of the helium dewar

~tAPERTURE

BLADE 2

PRIMARY

HE TANK

fi gu re T~ enmpe rature Profile W )ri ng Fight . T[he F. P. A.
minitor is In the widle on the front surface o)fthe(Ce:(ia array
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Figure 10. Temperature Profile [During Flight. Back4ground
plate monitor is on the back surface -,f the center of tho' ba k-
ground plate. Cold end is the cooling post to which the vapor
shield is tied, vapor shield is several em fi-on the end of ibe
vapor shield; covar VCS is in the center of the over vapo.-
shield; Rfg tube is the outer cooling station

The in -flight perfo-mance of the detectors is graphically depicO iniI ;r'

1l, 12, 1:4 and 14 which -,how the root mean square (rms values of the noise ltm

i he detoctors in the 17 -23 AMm, 24-30 gim, 65-117 jim, and 34-50 iin hatcds

respectively. The noise was smoothed over an interval of 0.72 sec. TIhe

o levated noise in the Si-xx bands (Figures I I and 12) occupies, at most, 10LI,2 of the

dat a acl(uisition time and is due almost entirely to pa~rticulate contamination. Ex-

ept for the beginning of data acquisition when the background may be increased by

)utgasqsitig from the payload and the periods of contam-i nation, the noise levels for

he silicon arrays are corntant. Thus, the off-axis rejection of the instrument was

.,ufficientiv high to maintain preamplifier noise limited performiance on these de-

tectors throughout the entire flight.
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The noise performance of the Ge:Ga detectors in Figure 13 show several

effects. The brief periods of contamination show up at the same time they S
were observed in the silicon arrays. The general trend in noise follows the

temperature of the focal plane array. The times when the focal plane array

temperature was greater than 40K (150-170 sec, 350-360 sec. 370-395 sec,

490-510 sec) are als.o times when the noise is highest. This correlation is

best seen by comparing detector 13 in Figure 13 with the focal plane array O

temperature profile in Figure 9. The times when the noise falls rapidly to a

value near zero followed by an equally rapid increase are times when the

detector temperatures were at the operating limit and the detector-preamplifier

is either locked up or turned off.

The porous plug and helium tank temperature plus the helium tank pressure "

indicate that super-fluid helium was successfully contained in the dewar until

T 535 sec. The super-fluid could have been maintained longer under this

thermal load if a porous plug of larger surface area was used to allow a

higher flow rate for the vapor. The super-fluid helium did wet the walls of

the dewar as anticipated. F'lIy half the flight returned high quality data in

the long wavelength arrays, especially the 100 p.m array of Ge:Ga detectors

(see Figure 13). As complete redundancy was planned for these arrays, a

survey with good sensitivity was performed over the area scanned with- degraded

tonfirming observations.
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5. TIlE )ATA

Examples of various aspects of the data during the flight are shown in Figures

15 through 19. The detection )f NCi. 2170 (z AFGL. 877) is shown in the center

of Figure 15, NG' 2183 (= AFO L 890S) and N(AC 2071 (- AFI. 818) in Figure 16.

The high pass filterina in the signal processing electronics produces a negative

undershoot which follows the positive signal from a source. A first order zero

(RC differentiator with a hara, teristic frequencv :)f 10 Hz is used for the ac

coupLina The signal should ,tAvmtoticaltv recwer to zero for such a filter. The

Positive tvershoot in Figure 15 tor the top trace is due to the signal saturating the

electronics and subsequen, memory loss :f the signal train. The o)bjects in Figures

15 and 16 are somewhat textended but are obvio)uslv quite cold. The data in Fig-

ures 15 and 16 are different traces taken at about tile same time when the focal

:)1ane temperature was about 3. 9 K. Note the noise levels are different for the

100 4tm detectors in these fiLgures.

ExampLes of opti!a csttamination are shown in Figures 17 and 18. A near
12 "

-i-ddut particle would prodluce a doughnut shaped out-of-focus image frte-
CGregorian optical stst, with its central obscruation. A detector scanning the

enter of the image produces a characteristic double peaked signal as seen in

Figure 17. If the ;can is away irotni the image hole produced by the central obscura-

tion, the detector sees an extended source of constant brightness. The ac coupling

in the electronics roroduces an extended signal as the leading edge of the image is 4

detected. This is foil -ked by a gradual decay to zero as the filter (differentiator)

,akes out the low *requencv background. A negative signal occurs when the detector

ir.oves oi'f the image as seen in Figure 18.
.igure 19 contains the signature of Saturn. At this time the focal plane tempera-

iure is 4.4' K. The resistance of the Ge:Ga detectors has dropped below the value

, the loadi resistor and the bias seen bv the detector through the transimpedance

:tt'pLifier is reversedt; thus the signals are negative. The Ge:Be detector on the

i,,tto.:i trace has corr.pletelv turned roff. Although the Ge:Be detector on the top

trake i, till t'SIOns ice the teinperature variation in the focal plane produces a

lar;,g ani,,nitude base line drift.

2
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6. DATA REDUCTION - CALIBRATION

The in-flight calibration was based on the observations listed in the "Catalog

,)f Infrared Observations" (CIO) 1 4 augmented by measurements of Grasdalen et al,

Nev and Merrill. and Rudy et al. 15, 16, 17, 18 Measurements which exhibit, or are

suspected of having, a beam size dependancy were rejected. The calibration

sources for the 20-pm band were selected from those remaining listings which had

a measurement between 18 and 23 p m. The observations were converted to radiance

then scaled to the FIRSSE reference wavelength (20. 3 p1m), by a X 3 power law.

Multiple observations on a given source were averaged, and the amplitude of varia-

tion is noted. The same procedure is used for selecting the calibration sources

and reference radiances for the 27.3-1m band, except that the wavelength selection

criterion was 20 < A < 35 .im.

The calibration objects in each color are associated with the FIRSSE detections

by positional agreement. A weighted linear least squares regression with fixed

intercept of zero is calculated for each detector channel. The calibration radiance

values are given weights according to an estimate of the photometric quality of the

)bservation and the amplitude of variability. Measurements are rejected if they

deviate more than two standard deviations from the fit except if the FIRSSE detec-

tion falls in the overlap region of an adjacent detector. These measurements are

rejectel if they are of more than one sigma deviation.

Eight sources on the average, were used to calibrate each of the 20 p m detec -

tors. The 27.3 1, m calibration was not as straightforward since very few sources

in the CIO meet the criteria for calibration objects at this wavelength. Further,

most of :he CI measurements which qualif.v are at wavelengths shorter than

27.3 p.m and assuming a zero color difference will underestimate fluxes from

s'our.es with circumstellar emission. Five asteroids (2 Pallas, 8 Flora, 15 Eunomia,

54 Alexandra and 704 Internamnia) were used in the calibration. The color tempera-

ture 'f these objocts were derived from the 10 and 20 p m photometry by Morrison. 19

The 2 7 -pin fluxes for the asteroids are extrapolated by scaling the color temperature

derived from the 10 and 20 p m photometry by the sun to asteroid distances at launch

epa)ch and the time .,f the ground based observations then scaling the radiance by the

earth tr) asteroid differences. Where coonparisons could be made no significant

,iifferences were found between the responsitivies derived fron)m the CIO sources

lnd the asteroids.

I )ue to the larLTe number of references cited above, they will not be listed here.
See Heftreriens, page 51.
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i Even with the aster )id o)bservations ift enoglh s)uit't \%tt' t'a ilai t, ii:

brate each if the 27 -p inl detector hann. Is separatelv. te t, ilsnitlr\ it, . .,-al.d

from the NOSC nieasuretnents were a Iso) Included. The 111 i , ai t lhi-ation twli .a1

detector were averages of the scaled NOS' valuts and tile ('i() souirc'-.. 'I Il. .

greater the number f ('(1 )bjects the h t'vA\ I' tile Cair)iratl )It IS w't'iglitel \o ith

elestral Sources. In g2eneral, the resuti.lre. t' pot nsiti iti es grT't- with th' I'l b)oI it',)v

measurements bv NOSt," and 51RC. 'he tlitriutnti ltux foi- a source lse;i it, th',-1 -'1 -l
calibration is about 10 1 \1 c II - in \ it ti.- maj)rtitv of ) ) L.Lts 5 , I t) too-

brighter. Most -)f tile scattir ill tin regressions alt' titie to ile intrinSi t-rlinLt

in manv o the sources used Ili tile calibrattori.

The calibration of til l a hatI, im 05 lL ,t .
are verv few valid standards it these wavelttntth.l, Int tiOst ohl." tr; hay,

pronounced beam size flux lepentiencies. Iutthe, tile letetot re. -potrst.., iniel
as a function of focal plane ternperature. Tht. post El iaht LI Iibrations inI ltig
vary irrg the focal plait, ten (peraturt, betw eei 3. 2 ati1 4. 5 1\ Il i steps of 0. 05 ' i\ ot i

rec.)rding tt atplitude )t' tie t'sponse o f cit detect,)-to t,11t intietrnal ;ti'tilat i.

This (a libratiori is used to -r c tth tettfitrtott tt'c teridntincc ofi Vilt i - I li lht

istatitart, )us respofise tt) values niormalized to th)s-;e at 3. 2 K. Next tI WiS ai.-sl!t+t I
that the inte rrial stimulators uniformltv illuminate tile tie ;l and t;t ie:l-ic ,n's

located in the middilt of tile focal plane. The detector to detector relativt responst,

in each of these arrays was tieterrnined frton the res ponse It tile Stintulatot Lit

3. 2' K. The calibration ton tire 94-I -. l aLr'Lav is tile relative response s ble:iIv 0
.ill average )' five objet t S used as standards Lit tiot't \% aliveh ie t h. A I G I . 618 tt1i,

At' i; 9 15 were extrapolated alon tie spctral dist itti1n)In defilic hv puitlitll
20, 2 1 I1.

ti)iototetl i" at 33 and 53 . 02, ([1 0739 -618, he 3:' anot 7
3 1 ) pH it ,iittjtt re,

A Fc; [. 490 bv tih(, 50 and 100 p il )htoin tv. V 1. 22 Finally, the 30 ill It luxes ili

G azari et al14 for (V O li were extrapolate tl t o ) IlL tLtot!13tittg a A 
- 

3. 95 [ .' t

The band ave 'aged tresponsivitivs of tI he 40 -p o1 t',av \was stah l i fiol; tit' %t\L'tL-

in-flight res-pnriste of the 27 -p III ar-ray bv tei ratit if the LI.raV res pons,',- ttttr1( ir.

at SJIC. Uncertainties iii tile calibration at'( estitlat(i to lie 10 t, 15 pt'i-:: t

20 i itt, 15 to 20 pertert at 27 p1 i and abtout 40 pet-cent at tthe t l'igt'-t ;k, i% -

lengths.

20. Kleininann. S. ;. Sargent, 1.(;.. l , . larper-. I). ... I tot-n ,i' , it .P ... .
°letsc, C. l. , and "'tronson, I. A. ( 1978)1 Astroin. \s t tt ltvs I. li L

'2 1. ,%W sthrook, %%. I%. , hecklin, I,. I. lerrtil. K. Al. (I iL riii -
, 

. , So Ai)il . l.
W!illne , S. 1. , arid % vnr-Williattts- , n (;. ( 19751 ()l) txi.\Ltiit- it :it l itt i
compact ifr'aretd sottL'('(, in Persu.., A- t'(rpiv_ts. .1, 2 7:.107.

22. hlarvey, '. N1. itam phell, J. j,'., \%fft t 'A. \ .. It, ' Ih l .. , II. A . iti
(Gatlev. 1. (1l90) inriaret oit-,tvatiots (df XC 2(171 (112ot *\ .,
Iwo low Int)inositv, virt)iL! stait' -. ttil ivo. I. tit, I)
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7. )ATA REDUI(: N

The data reduction procedures are schematically shown in Figures 20, 21

and 22. The signals generated by the background as the detector sweeps across

he skv arc anmplified and band limited. The high frequencies are limited by a low

:)ass filter which is a two pole IC filter with a characteristic frequency of the

inerse of twice the dwell time. These values are 250 Hz for the silicon arrays

and 180 Hlz for the Ge arrays. Thus, each color has a different upper band limit
-I

- et bv the varizous detector widths at a linear scan rate of 20 deg sec . Low fre-

quencv signals due to off-axis response are attenuated by a single RC high pass

filter set at 10 Hz. The signal is sampled and digitized by a pulse code modulation

IP('M) unit. Gains for the amplifiers were set in the laboratory such that the rms

noise is about one digitization level of the PCM unit.

As seen in Figure 20, the data is telemetered to the ground as it is gathered.

On the ground, the PCM stream is recorded on analog magnetic tape and: in

parallel, decommutated, converted from digital to analog and displayed on paper

strip charts for quick look analysis. Post flight processing includes decommutating

'he analog tapes and packing the PCM digital data stream on digital computer tapes.

[ RECEIVER RADAR 1@

ANALOG

TAPE tIPS 0 0
Cutdownl COMP

, yes' "'no

DECOM a 0( 0
A/D _COMPUTE

Strip chart Select
-best rodor

* ~~COMPUTER ~K>.
Sretormot) Housekeeping TRAJECTORY

digital listing
(quick look)

rDIGITAL TAPES

Figure 20. )ata Acquisition for the Experiment
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F ,,Sev t c~ q'flst It Ite te ic Iw d t~ 1ifr w t. x ) eXeI. I . 1 r., girei

to ii nce of tht, expe rinent. 101 r~ cx '!I , SeUIso r temp lilt), 1I I i I-I .I

t r-~ cking dut r ing tlhe fi ig!it p 1.o% lily s a t. je to iv.

['lie, digital tapes ire processed tu t-Xtraict potentiatl Is1,urICe Signals atnd to I-

culate sensor aspect of azimiuth and zenith angle with respect to the pole 'tz 'tr

function of time. Trhe aSpeCt is U~ed to aissign position to each potentiil 6seeF U&.

De)tections in mo re than one color are combined bY position coifleidenci,. Assw- i,--

tions ar ic mde with known or Suspected bright lit Hsources, i ste roids aind nea r it!th

satellites. A.ssociations with scources in the CI) p rovide a List for photometric ii -

b raition. Sourices .%hich were confirmed bY resca n are gi~ en a higher weight, aind

then a more stringent selection criterion is used to generatte the final source list.

Trhis procedure is detailed in Figure 21.

DIGITAL DATA

SEET DIAGNOSTICS
SOURCES P0 SPEC

A, z, 0, UPDATE0
3 MULTICOLOR DETECT

A,z OF REFERENCE
ASSOC a 10 IR SOURCES FROM
WITH KNOWN AFGL IR SOURCE

IR SOURCESTAPE (I RC, AFGL,

TRAJECTORY

GOOOA RD CIO TAPE

4SATELLITE POSITION At z
ASTEROID ADO TAPE.

DETECTIONSADCMTP
ASTEZROID POSI TION

Az, ,.8

JPL ASTEROID TAPE

MULTICOLOR OBS
4 OF FIXED

POTENTIAL SOURCES

Figure 21. Flow Chart for Reduction of the Data and
Association With Known Sources
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A more detailed flow chart ojn selection of sources from the raw data stream

is given in Figure 22. The central point is that two selection criteria are used in

oarallel. An average and rms noise level is calculated from the raw data. A

potential source is selected if the signal exceeds three times the noise level above

the average. This will detect objects which range from point sources to extended

o)bjects about a degree across. How large an extended source depends on the spatial

intensity distributin, scan rate and the high pass filter. Reference to Figures 15

hrough 19 sho,% that this procedure does not have good resolution downstream of

large signals.

The data stream is also filtered by comparing the signal to the output two

letector widths on either side of it. The result is convolved with the idealized 0
tiltered response to a point source. Then. a potential source is selected if the

instantaneous signal is grreater than three times the rms level of the noise and the

ross correlation coefficient is determined. This routine strongly emphasizes the

tetection if point sources.
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8. THE FIRSSE LONG WAVELENGTH CATALOG

Table 2 catalogs the FIRSSE long wavelength observations. The right ascension

and declination for 1950 epoch is given in columns 1 and 2 and their respective

errors in columns 3 and 4. The galactic longitude and latitude are listed in columns

5 and 6 respectively. The 20, 27, 40 and 94 tim fluxes are given in the next four,

columns in terms of Janskys (1 Jv = 10- 2 6  - Hz- 1). Associations ,of the source

with other cataloged objects are given in column 11 while comments on the source

are listed in the final column. Comments consist on whether the object is suspected

(EO?) or measured to be extended (EO) and confirmed by rescan (R).

The thermal variations of the focal plane during the experiment produced

considerable problems in the 40 tim band. The fluxes in these bands are indicative

only.

The catalog contains 295 sources, the majority of which are associated either

with optical HII regions or luminous stars embedded in dust clouds of circumstellar

dust cells. Except for Mars and Jupiter, which are not included in the catalog,
these sources comprise the list of 48 objects brighter than 1000 Jv at 93 Aim, At

the fainter levels stars begin to contribute to the list. In addition to the objects

such as T Tau, VY CMa and U Mon which are associated with dust, the brighter

photospheric radiators (( Ori, R Aur, a Boo and RX Boo) were detected. It should

be noted that the effective wavelength of the 93-jim band shifts to about 74 AIm if-4 ,
a X- source function is convolved with the spectral response. Thus, the fluxes

for photospheric radiators in the catalog are about a factor of two larger than they

should be at 93 4im

A tionally, the catalog contains three planetary nebulae and eight galaxies.

The ga1.xies are

NGC 2146 Spiral (Type Sbc pec) NGC 4666 Spiral lTvpe Sc)

NGC 4038 Seyfert NGC 4736 (l\ 94) Spiral (Type Sb)

NGC 4254 (AM99) Spiral (Type Sc) NGC 5023 Marginal Detection

NGC 4631 Spiral (Type Sc) NGC 4631 Spiral (Type Sc)

All of these are bright (M < 11.5).
Pg

The sources observed at 93 jim are plotted on an Aitoff equal area all sky

pro lection in Figure 23. The heavv lines define the boundary of the survey, the

dashed line the galactic plane.
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